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Figure S1 Changes of optical density at 600 nm during the cultivation of SolV with europium(III) (blue circles) or ytterbium(III) (purple triangles) supplemented medium. While growth with europium(III) is exponential (blue line), the growth of the ytterbium(III) supplemented culture is linear. Figure S2 Geometry optimized structures. Pictures generated with the UCSF Chimera package. [1] Carbon atoms in beige, oxygen in red, nitrogen in blue. Red sphere = La, orange sphere = Ce, green sphere = Pr, blue sphere = Eu, purple sphere = Yb. Asp301 becomes monodentate during the optimizations with the smaller REE Eu and Yb in the active site. Structure optimizations were performed using Gaussian 09 [2] and the B3LYP functional with the 6-31G(d) basis set for C, H, N, O.
[3] Quasi relativistic effective core potentials (ECP) were used for the central metal: MWB46 for La  3+ , 47 for Ce   3+ , 48 for Pr 3+ , 52 for Eu 3+ , and 59 for Yb 3+ . [4] Calculations were performed with 11 outer sphere electrons, as pseudo-singlets (f-electrons included in ECP) and restricted closed-shell calculations, a method, which is common for REE-complex calculations. [5] None of the frequency calculations showed negative values. Starting point of the geometry optimization was the active site of the crystal structure of Ce-MDH isolated from SolV (4MAE) with exchange of Ce 3+ with La 3+ , Pr
3+
, Eu 3+ and Yb 3+ respectively. Based on the method from Schelter et al. the amino acid residues and the polyethylenglycol, present in the crystal structure were truncated and the anchoring carbon atoms were frozen in their crystallographic position to mimic the sterics imposed by the protein. [6] For simplification only the cofactor PQQ and the amino acids directly coordinating to the metal ions were included in the calculations and the calculations were done without models for solvent effects. 47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  68 The structures were obtained using the same level of theory as in Figure S2 . The most significant deviation observed was a shift of the PQQ residue and a change in coordination mode of Asp301. B Overlay of Eu structures where either all anchoring amino acid carbon atoms were frozen (dark blue), all but Asp301 (light blue) and none (cyan). The structures were obtained using the same level of theory as in Figure S2 . Starting point for the calculations was the crystal structure of Ce-MDH. In all optimized structures Asp301 is monodentate (when the substrate was included), demonstrating that the change in coordination mode from bidentate to monodentate is due to the central atom in the active site and not due to freezing the amio acid carbon atoms in their position. C Calculated active site structures (residues) superimposed, starting from the Eu crystal structure without substrate in the active site. All residue-and PQQ-atoms frozen but Eu was let to refine freely (Eu(III) in blue, Eu(II) in grey). Figure S6 Normalized CD Spectra of purified Eu-MDH (0.7 mg/mL) in PIPES and phosphate buffer (pH 7.2 and 20 mM). From the crystal structure of REE-MDH (4MAE) a composition of 11% α-helices and 36% β sheets was calculated and the published structure was used as the input file for CD calculations. The CD spectra of purified Eu-MDH washed with either PIPES or KP buffer (both 20 mM and pH 7.2) together with the calculated spectrum from REE-MDH are shown. As a comparison, the calculated structure based on the Ca-MDH isolated from M. extorquens (1W6S) was also included. The latter possesses a small subunit, MxaI, a necessary part of Ca-MDH which is not present and required in REE-MDH. It is thus not surprising that their calculated CD spectra differ. [7] Washing purified Eu-MDH (stored in PIPES) with different buffers (PIPES or KP) of the same concentration and pH had some effect on the CD spectrum, suggesting a small conformational change was induced upon changing the buffer system. This effect is unusual and warrants future investigation in kinetic assays to determine differences in methanol affinity and specific activity of REE-MDH in different buffers. Furthermore, both experimental spectra deviated slightly from the calculated spectrum. This could be due to either the method used for calculations, differences in the peptide backbone conformation from the solution and solid-state structure or simply an impurity.
[8] Spectra were recorded with a JASCO J-810 CD and ORD spectropolarimeter at the Department of Chemistry at LMU. Normalized ellipticity
Wavelength [nm]
Figure S7 A Close-up view of the Eu-MDH active site (A molecules). The PQQ molecule and the residues coordinating the europium ion are shown as sticks, and the europium as a blue sphere. The 2mFo-DFc electron density map, contoured at 2σ, is shown as a green mesh. B Overlay of the crystal structure of Eu-MDH (PDB 6FKW, chain A) with the previously determined REE-MDH structure (PDB 4MAE, chain A). The Eu-MDH structure is shown in blue, the REE-MDH structure in beige. The Eu ion is shown as a blue sphere, the Ce ion of the REE-MDH structure as a transparent beige sphere. 0.3% **** * Values for the highest resolution shell are indicated in parentheses. ** The total number of reflections corresponds to that of a 100% complete dataset to 1.45 Å resolution *** The D molecule is less well defined than the other molecules and accordingly has poorer geometry. It was therefore not used for analysis. The statistics reported here do, however, include this molecule. **** These are Val107 and Gly569. These outliers were inspected in omit maps, and were confirmed to indeed have the correct conformation. Distances in Ångström between the lanthanide atoms in the Eu-MDH crystal structure and the coordinating atoms, for molecules A,B and C, as well as the average distance (<d>). The coordination distances for REE-MDH are reproduced from Pol et al. [7] and are given here for comparison only.
